I. INTRODUCTION The copper atom has a 4s S&zz ground state, as has the potassium atom, but because of the easily perturbed 3d' subshell the energy-level system of copper is much more complicated than that of potassium. A partial energy-level diagram for copper is given in Fig. 1 . Levels belonging to the 3d 4s4p configuration strongly perturb the alkali-atom-like doublet spectrum, ' leading nm can be induced with some effort, but it has not been possible to achieve a sufficiently large metastable population to allow for a strong reduction in the spectroscopic linewidth. ' The quantum-beat method ' ' would, in principle, be possible, but the hyperfine structure is too large to be tractable with the time resolution obtained from standard pulsed lasers, photomultiplier tubes, and transient digitizers. High-frequency quantum beats (up to 1 GHz) were recently observed for the 4p P3/2 state, excited with the yellow line from the metastable state using a cw mode-locked laser system and photon counting techniques. ' However, for a corresponding excitation of the Sp state a frequency-doubled laser is needed and the weak photon yield drowns in the discharge emission. In this situation the level-crossing (LC) method, ' adopted for pulsed excitation and detection, provides a solution. ' ' it can in its pulsed version extend precision investigations to the short uv and vacuum-uv (vuv) The theory of resonance scattering of light by atoms was developed by Breit' in ' The Heydenberg effect is manifested as a little structured slope in the scattering intensity as a function of the magnetic field. As can be seen from the above discussion, the information from such a magnetic field scan is rather complex, and a computer code that is able to simulate the scan is very useful for the interpretation.
The resolution in hfs measurements using the LC 
III. EXPERIMENTAL SETUP
The experimental setup is illustrated in Fig. 3 45' relative to the polarization of the incident laser radiation. The ratio of these two signals will also be dispersion shaped, provided that the signal is much smaller than the incoherent fluorescence intensity. Thus the coherentsignal-to-incoherent-background ratio is increased by a factor of 2. The intensity fluctuations of pulsed lasers due to pulse-to-pulse variations are normally of the order of 10%. This can be a problem when detecting signals smaller than these fluctuations. One way to compensate for these pulse-to-pulse variations is to monitor the laser intensity on a linear diode and normalize the detected signal. A better way, as explained above, is to use two fluorescent light detectors and divide the two signals. This will double the signal amplitude and normalize the fluorescence intensity, which effectively takes care of the intensity fluctuations. The fact that normal photomultiplier tubes are slightly nonlinear wi11 cause two detectors that are not perfectly matched to respond slightly differently to intensity fluctuations and the normalization will not be perfect. In order to compensate for this differential nonlinearity we used a scheme proposed by Wolf and Tiemann.
The idea is to record this differential nonlinearity and compensate for it. One way to do this is to leave the experiment on standby and let both detectors measure the fluorescence signal from the order to also allow a gJ-independent determination of the lifetime. In Fig. 4 The radial eigenfunctions used are nonrelativistic, but since relativistic effects are included to first order in the energy matrix before diagonalization, important relativistic effects are still incorporated. One important example of this is the J-dependent mixing coeScients used. The 31 4s4p configuration gives rise to nine different terms. Two of these are P terms, one with an energy lower than the 3d ' 5p P term investigated in the present work, and one with higher energy. The fine-structure splitting of the high-lying P term is large, about 2000 cm ', and the structure is inverted, while the corresponding splitting of the 3d' 5p P term is extremely small, only about 0.3 cm '. The energy difference between the J =1/2 states is therefore about 2000 crn ' larger than the corresponding energy difference for the J =3/2 states, and consequently there are different amounts of 3d 4s4p character in the two states of the 5p P term. We can therefore apply a nonrelativistic hyperfine operator to one state at a time and account for these relativistic, J-dependent, effects.
The magnetic dipole interactions are represented, in a nonrelativistic treatment, by the operator N hd=a g Ir -&10(sC )'r + s5(r) . pl . 
